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COST-EFFICIENT AND REACH-COMPLIANT SURFACE TREATMENT 
OF BIPOLAR PLATES 
Ingolf Scharf*, Markus Müller, Dominik Höhlich, Thomas Mehner, Ulrich 
Holländer, Hans Jürgen Maier, Thomas Lampke  
In fuel cells, stacks of several hundred bipolar plates are combined in membrane electrode 
assemblies, in which the electrochemical reactions take place. As a result, it must be possible to 
produce the bipolar plates cost-efficiently. In addition, the corrosion resistance in the surrounding 
medium and the electrical conductivity have to be sufficiently high. As stainless steels show 
passivation over time, more expensive materials, like graphite or noble-metal coatings, are used. This 
paper describes an alternative coating, which can fulfil the above-mentioned requirements. Using 
electroplating, Cr coatings with thicknesses > 20 µm can be deposited at low costs and REACH 
compliant. Subsequently, the Cr layers are gas nitrided resulting in a dense Cr-N coating with 
electrical and corrosion properties exceeding the ones of common stainless steels. Using this new 
approach, well-performing fuel cells could be produced cost-efficiently. 
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1. INTRODUCTION 
In the future, automobility will focus on the production of vehicles without emission 
of CO2 and particulate matter. As a result, the exhaust emissions could be 
massively reduced and climate targets could be achieved. Up to now, such vehicles 
mostly rely on electrical engines paired with batteries. As a promising alternative, 
fuel cells can be used as they avoid long battery-recharging durations and allow for 
long-range travel due to in-situ power generation. However, further research is 
required for cost-efficient production of fuel cells on a large scale.   
Polymer-electrolyte membrane (PEM) fuel cells consist of stacks based on 
membrane electrode assemblies (MEAs). Depending on the power requirements, 
stacks of several hundred MEAs are used, which are separated by bipolar plates. 
In addition, the bipolar plates serve as inlets for air/oxygen and hydrogen as well 
as outlet for produced water. Double-walled bipolar plates can be used for the 
cooling of the fuel cell. For this, the thin bipolar plates (< 0.2 mm) must be welded 
or soldered to be gas and water tight. [Napporn, 2018]  
As a cost-efficient material, steels can be used for bipolar plates [Karimi, 2012]. 
However, either their high corrosion rate (low-alloy steels) or their strong 
passivation behaviour (stainless steels) necessitate a protective coating, typically 
a gold layer deposited by physical vapour deposition.  
In this paper, an alternative process combination using electrochemical deposition 
and thermochemical post-treatment is presented that allows for using of an 
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inexpensive substrate material (low-alloy steel) in combination with a good 
corrosion resistance, low electrical resistance, and good solderability. 
2. MATERIAL AND METHODS  
The substrate material used in this study for the production of bipolar plates is the 
low-alloy steel DC04 (nominal composition in EN 10130, mass fractions: 0.08 % C; 
< 0.40 % Mn; P, S < 0.03 %). In order to avoid corrosion of those bipolar plates, the 
substrates were electrochemically coated with a Cr layer using a newly developed 
Cr(III) electrolyte containing Cr2(SO4)3 salt (up to 0.3 mol/l) at pH values between 
3.5 and 4.5. Subsequently to the electrodeposition, the Cr layers were nitrided in a 
continuous furnace in nitrogen atmosphere at 1000 °C for 15 min.   
The phases formed were analysed on even substrates by X-ray diffraction (XRD) 
utilising a D8 Discover (Bruker AXS) with Co Kα radiation (tube parameters: line 
focus, 40 kV, 40 mA), an adjustable slit (10 mm fixed sample illumination length), 
and a 1D detector LYNXEYE XE. A step size of 0.01° and 1.2 s/step were used. 
The phase assignment was done using the PDF-2 2014 database.   
For the measurements of the contact resistance, the samples were placed between 
two Cu plates and a constant current and pressures of up to 150 N/cm² were 
applied. Based on the related voltage drop, the contact resistances were 
determined. Besides the Cr and Cr-N layers, 1.4301 steel, Ti, and graphite were 
tested for reference.   
Corrosion testing was performed by immersion tests in diluted formic acid (0.5 ml/l) 
for 100 h at 80 °C. After the corrosion tests, the concentration of dissolved metallic 
ions was determined using ICP-OES (inductively coupled plasma optical emission 
spectrometry) utilising an Optima 8300 spectrometer (Perkin Elmer).  
The efficiency of a MEA was tested in a device that simulates a fuel cell. In this 
device, the voltage–current characteristics of Cr-N and Au-plated MEAs were 
investigated over 24 h. 
3. RESULTS AND DISCUSSION 
3.1. Deposition of Cr using a Cr(III) electrolyte  
As depositions of Cr from Cr(VI) electrolytes are limited by the REACH 
regulation, a Cr(III) electrolyte was developed. Using this electrolyte, dense Cr 
layers with thicknesses > 20 µm were deposited (Fig. 1 a). The layers are 
suitable to be used as a protective coating as almost no cracks were present 
in the layer and no significant difference of the layer thickness between flat 
areas and edges occurred. Even though the layers were brittle, no negative 
impact on the subsequent nitriding process or the application in MEAs could be 
observed. For a layer with a thickness of 20 µm, the XRD diagram in Fig. 1 b 
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proves the presence of a Cr layer along with the ferrite phase from the substrate 
(XRD information depth ≈ 30 µm).  
 
Fig. 1: Cross-section of a Cr-coated bipolar plate (a) and XRD diagram measured on the 
coated surface of a flat sample (b). The minor unassigned peak is originating from Co Kβ 
radiation. 
3.2. Thermochemical post-treatment (nitriding)   
After performing the thermochemical post-treatment, a dense top layer can be 
observed (Fig. 2 a) followed by a diffusion layer. XRD measurements (Fig. 2 b) 
clearly prove the formation of a single nitride phase (Cr2N) and a residual Cr 
layer below. No oxide phase was determined by XRD. Due to the volume 
increase when forming Cr2N, the layer thickness increased and thus, no 
substrate peaks could be observed. In addition, the volume increase resulted 
in crack closure. 
 
Fig. 2: Cross-section of a Cr-coated bipolar plate after nitriding, which caused the formation 
of a Cr2N layer on top and a diffusion layer (DL) at the interface to the residual Cr layer (a). 
The XRD diagram clearly proves the existence of this phase (b). The minor unassigned 
peaks are originating from Co Kβ radiation. 
  
40 60 80 100
0
10
20
30
40
In
te
n
s
it
y
 /
 c
p
s
 
Diffraction angle / °
200 µm
Cr
20 µm
Cr
DC04
DC04
(a) (b)
Cr (PDF 00-006-0694) α-Fe (PDF 00-006-0696)
Cr Cr2N
DC04
200 µm
Cr2N
Cr
DC04 20 µm
DL
Cr2N (PDF 00-035-0803)
40 60 80 100
0
10
20
30
40
In
te
n
s
it
y
 /
 c
p
s
 
Diffraction angle / °(a) (b)
Cr (PDF 00-006-0694)
Fuel Cell Conference FC³  Chemnitz, 26.11. – 27.11.2019 
4 
3.3. Electric and corrosive behaviour 
The contact resistance of the Cr layers at a pressure of 150 N/cm² is in the 
order of 125 mΩ cm². After nitriding, the value increased to 220 mΩ cm² as a 
result of the lower electric conductivity of Cr2N. Due to the chemical inertness 
of the Cr2N layers, this value remains constant over time. Even though the 
contact resistances of freshly prepared 1.4301 steel, Cr, and Ti bipolar plates 
are below 40 mΩ cm², in a fuel cell, passivation would occur that will strongly 
increase the contact resistance over time. Thus, typical values above 
300 mΩ cm² will be expected for these materials, which is higher than those 
observed for the nitrided layers. However, the contact resistance of the 
significantly more expensive graphite remains almost constant over time at 
about 20 mΩ cm². 
After 100 h of immersion tests, the concentrations of dissolved metal ions were 
determined (Fig. 3). 
 
Fig. 3: Concentrations of all metal ions dissolved in the test solution (diluted formic acid) after 
100 h of immersion tests. 
For the stainless steel 1.4301, the highest metal-ion concentration of the tested 
materials was measured. The metal-ion dissolution of the nitrided Cr layers is 
about 20 % lower. Thus, the significantly more expensive stainless steel can 
be replaced by the new layers. As expected, Ti shows the best results, but at 
even higher costs. 
3.4. In situ testing 
The cell voltage–current characteristics of Au-plated 1.4404 steel and Cr-N 
layers on DC04 are shown in Fig. 4. 
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Fig. 4: Cell voltage in dependence of the current density for Au- (grey) and Cr-N (black) 
layers after 24 h of testing. 
The higher contact resistance of the Cr-N layer compared with the Au-plated 
ones results in lower cell voltages at low current densities. However, at high 
current densities (about 2.5 A/cm²), the cell voltage of the MEA with Cr-N layers 
exceeds the Au-plated one. Thus, the Cr-N layers show a similar behaviour 
when high current densities are required (> 2.0 A/cm²). 
4. SUMMARY AND CONCLUSION 
A process combination of electroplating and thermochemical post-treatment 
(nitriding) was used in order to provide a cost-efficient alternative manufacturing 
route of bipolar plates. Using DC04 as an inexpensive substrate material, a Cr-
electroplating process that is REACH-compliant, and a fast post-treatment that can 
be performed in a continuous furnace, a Cr-N layer was produced and tested on 
bipolar plates. For large-scale production, a continuous soldering process can be 
used to produce water-cooled MEA stacks. It was shown that important basic 
characteristics of the corresponding MEA are suitable to be applied in fuel cells and 
provide better results compared with uncoated 1.4301 steel at lower costs. 
However, further research is necessary on the electrolyte stability, long-term 
corrosion stability and efficiency tests. 
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